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facilitate experiences with . measurement instrum-ents^ tools, 'anjds, / 
devices ufsed in thi# oceupatioh and jOb-r^lated. tasks of estimating 
and measuring. 9nir I, a general introduction to the metric system of 
measurement, provides informal, hands-on experiences for the 
students. This anit enabl|^ students to become familiar with the 
basic metric units, their symbols, ^nd measurement instruments; and 
to develop a set of mental refeVences\f or metric /values. The metric 
systeis of notarion' also is explained. Onit 2 provides the metric 
terms which are used- in this Occupation and, gives experience with' 
occupational ^mea surement tasks. qniF3 focuses on job-related me'tric 
equivalents and their relationships. . Dnit ^ pro^vides experience with 
recognizing and using metric installments and tools in occupational 4 
asurefcent ta^ks. It also provides experience comparing metric 
: cUsto^jH^ary me^urement instruments. Onit 5' is designed to give ) 
adents practice in converting cuctcmary and metric^'roeasurements, a 
skill conside^red useful during the transition l^o metric iji each 
occupation. (UL) . - \ * ^ - 
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, -TEACHING AND LEARNING. . 
THE METRIC^YSTEM 



IhK metric in.slruotion,al package wa.s designed to meetjob-related 

■ i^etric measurement needs of students, ' To use this package students 
■'Should Already know, the occupational terminology, measurement 

■ terms., and tools currently in use, These materials were prepared with 
s» the help of experiencecivocaiional teachers, reviewe^i by experts 'tested 
in classryoms in different parts of the United States, and revised before 
distribution. .. . ■ 

. . . Each of the fiv? Hnfts of instruction ^cootains'perfomance objec- 
tives, learning activities, and supporting' information in the'form of 
text, exercises, and tables. In addition, suggested. teaching techniques 
are included. At the back of this package are objective-based evalOation 

• Items, a page of, answers to the exercises and tests, .a list? of metric 
matenals needed, for the activjties, references, and a list of suppliers 

*•■ I 

, . Classroom.experiences with this instructional package suggest the 
. lollowmg teaching-learning strategies: 

, 1. Let the first expenences-be informal to make learning the metric 
■ system fun. v 

2. Students learn better wLn.metric units are t:omtiared to familiar 
, . objects. Everyone should learn to "think metnc." Comparing 

1 metric^nnits to customary units can be' confusing. 

3. Students will learn quickly to estimate and measilre in metric units • 
by "doing." ' ■ 

4. : Students ,shou|tf have experience with measuring activities before 
. .getting too much information. 

5. Alove through the_ units in, an order wMch emphasizelthe sim- 
plicity of .the metric system (e,g„, length to area to volume)' 

^ Teach'one concept at a time to avoid overwhelming students with 
. ' ^too much materi^ll, ■ . , ' . ' 

''Unit 1 is a'gengfarinlroductioft to the metric sy.stem of measure- 
ment which provides informal, hands-on experiences for the stiidents 

■ This unit enables to become 'familiar with' the basic metnc 
units, their symbols, ^nd measurement instruments; and to develop a 

,set of mental references for iretnc values. The metric system of nota- 
tion also is explained, ^ 

• ERIC 



UnitJ provides the metric terms which are used m this occupation 
and gives experience with occupationalmeasurement tasks. 



UnitJ focuses on job-related metric equivalentirand their relation- 



ships. 



UnitJ provides experieace with recognizing and" using metric 
' instruments and tools in occupational ni^asurement tasks. It also pro- • 
vides experience in comparing metric and customary measurement in- 
struments, \ I r 

IM5 is designed to give studen'ts practice in converting custom- 
ary and metric measurements. Students should learn to "think metric" 
and avoid cdbparing customary and metric units. However, skill with 
conversion tables will be iiseful during^ the transition to metric in eaeh 
occupation. , ^ ' • , 

Using These Instructional Materials . ' ^' 

This jEiackage was designed to help sclents learn a. core of knowl- 
edge ^bout the metric system which they will use on the job. The 
exercises facilitate experiences with measurement instruments, tools, 
and devices used ili this occupation and job-related t^ks of e^iimatine* 
and measuring. . > • • ' ' 

This instri .final package also was designed to accommodate a ' 
variety of indivicu;. ^aching and learning styles. Teachers are encour- 
aged to adapt the,, i-.aterials to their own classes. For example, the ' 
information sheets rriaV be given to students for self-study,' References 
may bfr used ^as supplemental resources. Exercises may be used in inde- 
pendent study, small groups, or whole-class activities, .All of the 
materials can belexpanded by the teacher, 

• • ' ■ Glojia S Cooper 

Joel^H. Magisos 
'^^ ' ' fditors' i • 

This publicatio^n ags devefoped^rluanpio coniraci No OEC-0 ;4.9335 Aiih the , 
Bureau of Occupational m Ady^t^ducadon, U^S, Oepartmenr of Heaiih, Educa^ 
non and Welfare Howevef. ifjp opinions expressed herein. do not necessarily 
reflect the posmon or policy of H U S Office of Education and no official ' 
endorsement by the U S Office ol Education should be inferred 



UNIT 



4. 

' 5. 
6. 
7. 



SUGGESTED TEACHING SEQUENCE 

These introductory exercises may require 
two or three teaching periods for all five 
areas of measurement. 

Exercises should be followed in the order 
given to best show tlie;elationship 
.between length, area, and volume, ' 

Assemble the metric measuring devices 
(rules, tapes, scales, thermometers, and 
measuring containers) and objects to be 
measured.* 

Set up the equipment at work stations 
for use by the whole class or as individu- 
alized resource activities. ' 

Have the students estimate, measure, and 
'record using Exercises 1 through 5, 

Present mformation on notation and 
make Table 1 available. 

' Follow up with group discussion of 
activities. 



♦Other school depiirtmenU njay jiave devices which 
can be used ^Metric suppliers are listed in the reference 
section. 
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OBJECTIVES . 

"The student will demonstrate these skills for the Linear, Area, Volumepr Capacity, Mass, *and 
Temperature Exercises, using the metric terms and measurement devices listed here. 
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EXERCISES 




SKILLS 

(■ 


Liiwij 


Area 


Volume or Cipicity 


Mau 


Temperature 


t 


(pp. 3^4) 


' (pp.5-6) 


(pp. 7 '8) ■ 


lpp.9-10| 


^ (P.H) 


1 Rrcngmzf and usf the 
unii 2nd iti symbol for: 

2 S«lect, UK« uid r»d the 
ippropriitemeuurin^ 
initrumfntifor: 

3. Slileorihov 

phyiical rrferrnce for: 


millimetre (mm) 
cpniimeire |cni} 
metrr (m) 


square ^ 
centitnetr* 
(cm*) * 

squire 
metre 

, (m^) 


cubic centi- 
metre (c^ 

cubic metre 

litre Id 
millililre(ml) 


gram (g) 
kilogram «(kg) 


degree Celsius 

J , 


%, 

1, Eitimitf within 25"^^ 
ufthe ictuil meiiure 


height, width, or 
'length of objecli 


the area of 
a ^ven lurface 


capacity of 
contiinen 


the of object! 
in granu and kilo- 
frami ' 


the^lempeiitiire of 
the air or /liquid 


.5. Read correctly 
1 1 


metre stick, rrtetric 
tape measure! and 
metric rulen 




measuremenU 
on f iduated 
volume meaiuf' 
ing device^ 


a kilogram scale / 
and a gram scale / 


A Celsius thermometer 



RULES OF NOTATION 

1. Symbols are not capitalized unle;5s the unit is a proper name [mnoi MM), 

2. Symbols are not foljowed by periods (m not m.). 

3. Symbols are not followed by an s for plurals (25 g noi 25 gs). 

4. A space separates the numerals frqm the unit symbols (4 1 not 41). 

5. Spaces, not ^5mriHs, are used to separate large numbers into groups of three- , 
digits(45 271 ki!in»f4i271km). { ' 

j^A zero precedes the decimkl point if the number is less than one (0,52 g not ,52 g), 

7! Litre and metre can be sp/^lled eithelr with an -re or -er^nding, . 
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• METRIC UNITS, SYMBOLS, ANI) REFERENTS 



Quantity 



Length 



Area 



Metric Unit 



millimetre 



(*lentimetre 



Symbol 



mm 



cm 



metre 



kilometre 



square " 
centimetre 



Volume and 
Capacity 



square metre 



hectare 



millilitre 



litre 



cubic 

centimetre 



Maiis 



cubic metre 



milligram 



gram 



kilogramj 



metric ton 
(1 000 kaogramsl 



km 



cm 



ha 



ml 



cm 

0 



Useful Referents 



Thickness |)f dime or paper 
clif) wire 



.Width of paper clip 



Height of door about 2 m 



12-minute walking distance 



Area of this space 



Area of card' table top 



Football tielAincIuding sidelines 
and etid zones 



Teaspoon is 5 ml 



A little more than 1 quart 



Volume of this container 



mg 



A little mort.than a cubic yard 



Apple seed about 10 mg, pain of 
8alt; l mil ^ 



>jJickel a^out 5 g 



.^ebster's Collegiate Diciionary 



Volkiwagen Beetle' 



OS' 



THE CtVriB FOR VOCATIONAi: EDOCATION 



Table 1-a 



1 



METRIC PREFIXES 



V 



Multiples and 
Submultiplfs 


, Prefixes 


Symbols 


1 000 000 -- 10'' 


megr(m?g'a) 


. M 


' 1 000 Mo' ■ 


" kiro(klfo) 


■k ■ 


100 = 10' , 


hectO'(hek',to) 


li 


' 10 3 lo' , 


deka(dc!ka) . 


db 


Base Unit 1 = lo" 






'0,l"=10"'' 


deci di^'il 


d 


0.01 = 10"' 


h^n'ti) ■ 


c 


0,0,01 5 10*^ 
0.00«001 = 10"'' 


milli(mili) ^ 

. . / 

.micro (mi'kro) 


, m 









. Table 1-b 



1^ 
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LINEAR MEASUREMENT ACTIVITIES 
Metre, Centimetre, Millimetre 



I. THE METRE (m) 



\ 



DEVELOP A FEELING FOR THE.SIZE OF A METRE 

1. Pick up one of the metre 
' sticks and stand it up on. the 

floor. Hold it in place with 

one hand, Walk around the 

stick. Now stand next to 
, the stick. With your other 

hand, touch yourself where 

the top of the metre stick 

comes on you. 



TILAT IS HOW HIGH AMETRElS! 



2. Hold one arm out straight 
at shoulder height. Put • 

( the metre stick along this 
arm until the end hits the 
end ofpur fingp, Where 
istheofher end of the 
metre stick? Touch your- 

■ self at that end. ' 



THAT IS HOW LOXG A METRE IS!' 
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. i .■ . , ...3 

^ H \ ^ 

3, Choose a partner to stand , ■ i ;\: 
atyoUrside, Move apart 
. so that you can put one. 
endofarfietrestitkon, 
your partner's shoillder 
and the other end on . 
your shoulder. Look at 
the space between you, 

THAT ISTHEWIDTHOFAMETJIE! 

B, DEVELOP YOUR ABILItV TO ESTIMATE IN METRES 

Now you will improve your ability to estimatejn metres, , 
Remember where the length.and height of a metre was on your 
' body,. 

For each of the following items: ' \ 

\. Estimate the size of the items and write your estimate i,rmhe 
ESTIMATE .column, Measure the size with your metre stick 
and write the answer in the MEASUREMENT column. 

Decide how close your estimate was to the actual measure. If . 
your estimate was within ^5% of the actual measure you are.a 



"Metric Marvel" v 



1." Height of door knob 
frojl) floor. , ' ■ 

,2. 'Jfeight of door. i 

.3. Length of table. 

4.. Width of table. N 



HowQose » 
Estiinate Measurement Were You? 

(m) • ' (m) 



5. Length of wall of 

this room 
* 

6. Distance from 
you to wall. 



-r 

Exercise J 

(continued on next pa^e) 



II. TliECENTIMETftK^fcml ' • ' • 

(■f . ' \ ., ' • •■ '. * 

/ thpr)^^rpl<O0^pnfimMrpsir^nnf•mptR; Ifthprrarp^ ■, • 

3 cenlimotr^Sr.youWie -103 cm [ ( l ^ I'oO-cm) + 3 cm =. 400 cm • 
i\.>3cml.^'f- ■ • ' \ ' •' 

A.' develop#:kli.\gtor Tii'E si^E 6k.\ COTI^^'tRB' 



IlUTHE'MILMMETIjEfmn^^y;, ^ 



1 '+ 
1 



Thprp^are lOjnilljmpfres in onp VpnHhipfrp; When S'mpasiirpmefit is 
2 centimetres and 5jnillimetp, you write 25 mm [(2 x 10 mm) 
5 mm = 20 mm + 5 mm] . Wre are.yOOQ mm ^in 1 m'. 



A, DEVELO^ A FEELING FOR THE-SIZEOF AklLIMETRE >' 

r ' 

Using a ruler masked in millimetres, measure: ■ ■' ^ , 

I 

'1. Thickness oja. paper clip wire, 
2', vThickness'bf your fingernail. 

3, t Width of yoiir fingernail.. 

4. Diameter (width)of a coin... 



• . 1. Hold^the metric r^ler against tlie width dtyo\il:4ttmbnail. ' 
. How-widfefeit?" , ' ''^ 



cm 



2.^ ftleasyrejourjhumbfrfirt the first j&inf to the. end .'^'^ ^ 

; « 3.\j'lIset>ji^etncruTertofindlhewicf^ ' 

* ■ ' ' era " ' ' ' 

'1 » 

■ ' i, , .tare your index or pointi/ig/inger, How longis it? 



T 



mm 

mm' 

T 

mm ■ 



cm 



■ mm' 

5; ^ Diameter (thickness) of yoyr-.^ncil. \ ' ^ ''^m 



• ^. -^asuteyoiir wrist with a tape measure. What is the distance 
afout^d'it?' cm ' , • I 

■ Use tti^tape 



6. Width of a postage stamp. 



mm 



leXa^e rtje^ure to find your waist size. _ 



cm 



B. , DEVELOP YOUR ABILITY TO ESTIMATE IN CENTIMETRES 

' You are^w ready to estimate in centimetres. For^ea(;h of the 
^ following items, follow the pmtedures used for estiiiiing in . ' 
metres. ' ' -^^m^,. 



1. Length of a^aper 
clip. 

2. Diameter (width)" 
of a coin. 

3. ■ Wi(!(thofa 

postage stamp. 

4. Length of a 
pencil. 

5. Width of a sheet 
o! paper; 



, How Qose 

Estimate Measurement Were You? 
■ (cm) (cm) ' 



B. DEVELOP YOlfk'ABILITY TO ESTIMATE IN MILLIMETRES 

You are now ready to estimate in millimetres. For each of the 
following items, follow the procqkires used for estimating in 
metres. • >■ 

HowCJose 

■ Estimate Measurement Were You? 
(mm) (mm) . 
1. Thickness of a • ' 
■ nickel, - , • ' 





TH£C 



2. . Diameter, (thickness) 
of a bolt 

3- Length, of a bolt. 

4. Jidth of sheet , 
of pa^er. 

5. Tliicknessof abo^d 
or desk top,' 

6. Thickness of a • ' 
button.' , 
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Exercise 1 



AREA MEASUREMENT ACTIVITIES 

Square Centimetre, Square' Metye 



r, 



\\(HEN YOU DfeCRIBE wfAREA OF SOIilETHING, YOU ARE 
SAYING HOW.VUNY SQUARES OF A GIVEN SIZE IT TAKES TO 
COVER friE?l|liFACE. - ^ \^ ' ' 

I. , THE SQUARE CeJ/tIMETRE (cm^ )' ^ 



, A^A.' DEVELORAFEfiLING FO^ A SQU/RE CENTIMETRE 



B' ■ DEVEtOP YOUR ABILITY TO ESTIMATE IN SQUARE 
CENXIMEfkES 

' ■■ ■ ■ 

You are now ready to develSp your ability to estimate 
in^square centimetres. ' . | ' 

' Remember the size of a square centimetre. Fpr each/of the 
. following items, follow the procedures usedJor estimating in 
metres. ' ^ 

^ ' ' ^ ^ . ' ^ " Howaose 

^ s ' ' Estimate Measur«nent Were You? 

; (cm^) \ 



1. , Take a clear plastic grid-, oiuse the grid on page^6, i 

, 2. Measure the length -and width of one. of these small _ 
squares with a centiiftetre-rule^r^ 

THAT IS ONE SQUARE CENTIMETRE!' ' /' 

3. Place your fingernail over the grid. Ab'out'how many 
"squares does it take to cover your fingernail? 
. ^-cm^ ' . \ i 

\: Place a coin oveRthe grid. About how many squares 



does it take to cover the coin? 



icm 



5. Place a postage stamp over tfie grid. About how many 
squares does it take to cover the postage stamp? 

.2 ji ^ . / 



.cm' 



6, Place an envelope over the grid. /About how many 



squares does it take'to c^ver the envelop' 



f JtI THfC 



3. cm' ^ - 

7. Measure the length and wid|th of the envelope in centi- 

1 metres. Length ^ cm: width cm 

Multiply to find the area'in square centimetres. 

cm X cm = ^ cm^ . How' 

close are the answers^imi^ in 6. and in 7.? 
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1. Index card. 

2. Book cover, 

\ . ^ 

3. Photograph. ' 

4. Window pane or 
desktop. - ' 



L, 



I' 



II. THE'SQUARE METRE (m)) 

A, DEVELOP A FEELING FOR A SQUARE METRE 

( 

1. Tape four metre sticks together to makfea square which 
' , . is one metre long and one metre wide, 

2. Hold the square up with one side on the floor to see how 
big it is. 

3/ Place the square on the floor in a comer Step back and 
look. See how .much floor space it covers. 

4. Placf the'squarjtfiver a table top or desk to see how 
much space it covers. 

, 5. Place tl^quare against the bottom of a door. See how 
much of the door it covers. How many squares would it 



take\o cover the door? 



.m* 



THISigHOWBIG A SQUARE METRE IS! 



Exercise 2 

(continued on nexipage) 



b: develop your ability-to estimate in square 

METRES • y ■ 

YoU^ now ready to estimate in square metres, F6llow the * 
procedurfs used for estimating in metres. ' ' 



CENTIMETRE GRID ' 



1. - Door. ,. 

'2. Fi^lsh^etof 
•newspat)er. 

3: Chalkboard or 
• bulletin boar^. 

4; flo'or. 

5. Wall. 

6. ■ Wall chart or poster. 

7. ^ Side of file cabinet. 



How Close 



Estimate Measurement We/eY 
(mV (m 



ou 







1 






' C 




r 


'~J^^ — ? 






VOLUME MEASUREMENT ACTIVITIES 

I 

Cubic Centimetre, Litre, Millilitre, Cubic Metre 



I 



X 



1. ' THE CUBIC CENTIMETRE (cm^) 

A. DEVELOP A FEELING FOR THE CUBIC CENTIMETRE 

, 1^ Pick "up a coloredplastic cube. Measure its length, • 
-height and width in centiijietres. • 

, ! ^ ■ THAT IS ONE CUBIC CENTI|!ETRE! . 
' 2. Find tBe volume of a plastic jitffe' box. [ 



/ 



' a. Place a ROW of cube^against the bottom jjf one vde . 
of the box, How many cubes fit in the row? y s ■ 

b. Place another ROW of cubes against an adjoimng side 
; of the box. How many roT^s fit inside the box • 

.to make one layer of cubes?_^^^ * J 

How many cilbes in each row?_ ^ 

How many cubes in the layer In the bottom. of the ^ 
box? 

c. Stand a ROW of «ibes up against ihe side of the box, 
How m^y LAYERS would fit in the box? 

How many cubes in each layer? J \ 



How many cubes fit in the box altogether? 

THEVOLUMEOFTHEBOXIS_: CUBIC' 

CENTIMETJES. - ' • 

• d. Measur>.the length, width, and height of the box in ■ 

^ centimetres. J>ertgth cm; width cm; 

; height,. cm. Multiply these numbers to find V 



B.' DEVELOP YOUR ABILITY TO ESTIMATE IN CJJBIC 
CENTIMETRES ^ - - 



/ You are now ready, to develop your ability to estimate 



the volurae in cubic centimetres. 



cmx 



cmx 



Are the answers the same inland d 
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cm= 

9 , 
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in cubic centimetres, 



s^emember ™ s«e of a cubic centimetre. Far each of 
the following liems, use the procedures for estimating in ' 
metres. \ < ■ 

HowCicise 

Estimate A^pasUreraent Were You? 
\ i\ : (cra^) ' (cm^) ' ' ' 



lOidex card file 
box. 

2. Freezer container. 



1 



' 3\ Paper clip boJc^ 
' 4, Box of staples. 

n. JHE LITRE (1) ■ " 

A. DEVELOP A EEELING FOR A.LITRE 



7 



•1. Take a one litre beaker and fill it with water, 

2. Pour the water into paper cups, filling each as full as you 
s..^^usually do. How many £ups do you fill? 

THATISHOWMUCHISINONELITRE! 

3: Till the litref|itainer with rice. ' 

" THAT IS HOW MUCH IT TAKES TO FILL A ONE 
LITRE CONTAINER! * 



Exercises 

(continued on next page) 
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, U DEVELOP YOUR^^BILITY TO ESTIMATE JNLltF 

■ are now readj^lo develop your ability to estimate in I 
Ijjres. To write/wo and one-half litres, vouVnte 2.5 1, or 
2,5 litres. To \\\ite one^half litre, you Write 0,5 1," or O.'o 



litre. To write two and Cfiree-fourths litres, you write 



B. DEVELOP YoOi? ABILITY TO ESTIMATE IN MimilTRES 

' Yod ar^ now r^ady to estimate in millilitres, Follow the ' 
procedures used for estimating metres. 



) •2.751, or 2.75 litres. 



For each of the following items, use the procedures for 



' estimating in metres. 

i 

» 1, Medium-size 

freezer container, 

2. ^)8rge 'freezer 

container, ^ 

3. ; Small fi-eezjer 
.. container, ^ 

4. Botfle.orjug. ' 
. III. THEMILLIWTREM) 

The^tfTt-QQOmniilitres in one litre,' 'l (JOO 
. a life is 500 imkes, or 0.5 litre = 500 1 



HottCiose 
Estimate* Measurement WerelYou? ' 
(1) (1) 1 ^ 



" ' 1 
I Small juice cat). 

2. Paper cup or \ea 
^ cup.' ^1 

3. ;,. Soft drink can. 

4. Bottle. 



Ho^ose 

Estimate ileasurement ^ereYou2 
N) Mm!) 



"4-.. 



r 



'iV. THECCJICMETR^j!') - . / 1 

A. DEVELOP A FEEUNG FOR A CUBIC l«TRE' 



^1 litre. Half 



A, DEVELOP A FEELING FOR A MILLILITRE . 



r 



1. * Place a one metre square on the floor next to thV.waO; 

2, Measure a metre UP^the wa|^ , 
^ st oiiilci fit into that spaca 

y . ■ THAT IS THE VOLUME OF ONE CUBIC MfiTR?! 




V 



B,' DEVELOP YOUR ABILITY TO ESTIMATE IN CUBIc4tRES . 



< 




1. f^xamine a centimetre cube. Anything which holds ^ 

, 1 cm-' holds 1 ml. ., ' \- ^ 

2. fill a 1 mijlilitre measuring spqon with rice. Empty the , 

■ spoon into your hand. Carefully pour the rice into a ■ . ' 
) small pile on a sheet paper. 

THAX^HOWmONEMILLILITREiS^^ 

3. Fill the 5 ml spoon rice. Pour tf rice into another 
,' Pileontb sheet of papeV ) 

' TH.ATy 5 MILLILITRES. OR ONE TEASPOON! ' 

fill the IS'ml spoon witlfrice. Pour the rice into a third 
P'le on the paper. . 

TH.AT |k 15 MILLILITRES, OR ONE TABLESPOON! 



\ For each of th^ following items, follow the estimting proced- 
ures usedjgfore. ' 

\ \ How Close 

Estimate Measurement '* Were .liou? 
K). (m^) 



1 Office desk- 
^. File cabinet: 
3, Small room. 
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1 ^ 



/ 

MASS (WEIGHT) MEASUREMENT ApTIVITI^S' 
iKilogram, Gram * . ' " 



-The mass of )n object is a measure the amount of matter in the 
'objeft, This amount is always the same unless you add or subtract some 
rnatte'tfrom the object. Weight is the term that most people use when 
• they mean mass, The weight of ah object is affectea hy gravity; the 
) mass of an object is not. For exan/pti, the- weight of a person on earth ^ 
might be 12() pounds; that same/erson's\eight on the moon would be 
'20 pound^ '^his difference is because th# pull of gravity on the moon 
is less than the pull of ^gravity ort.earth. A person's mass oh the earth 
and on the moon \puld be the same. The metric system does not 
fmeasure w^ght-it n^asures mass. We will use the term mass here. 

The symbolior gram is g, . 

The symbol far kilogram is kg. ' . . ^ . ' . 
There are 1 QOO gram^ in ope kilogram, or 1^0 g = 1 kg". 
Half a mjgram can be written as 500 g,or 0)5 kg. 
A quarter of a kilogram can be written as 250 g;or 0.25^^g. 
Two and three-fourths kilograms is written as 2.75 kg. 



\ TIlEmOGRAM(kg) . 

DEVELOP A FEELING FOR THE i\USS OF A KILOGRAM 

Using a balance or scale, find mass of the items on the table. 

Before you fii^jjih^ ^^^'^^ ^^^^ ^^^^f 
•and compare/ifit^^ reading on the scale or balance; 
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/ 

1. 1 kitetffam box. 



Mass 
(kg) 



2. Textbook. 

3. Bag of sugar.' 

4. ' Package of paper. 

5. Your own mass.^ 




4 

B.^DEVELOP YOUR ABILITYjTO ESTIMATE IN KILOGRAMS 



For the following it*)s ESTIMATE the masstf the objett.in ; 
kilograms; then use the scale pr .balance to find the exact niass 
of the object; 'Write tTie^^^ctajfli^^ • 
column. Determine how close your estimate isK 

How Close 

Estimate Measurement Were You? 
(kg) (kg) 



1 ^ 

1. Bag of nee. 

2. Bag of nails. 



3. Large purse or 
'briefcase. 

4. Another person, 
j.i, A few books. 



■f- 
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when it is noHn motion. 

thatishoLeavyagramis! 



A. DEVELOP A FEELING FOR A GRAM ■ 

* 

' ■ 1. Take a colored plastic cube. Hold j^in, your hand, 

Shake the cube in you; palm^s jfshaking'dic^'Feel the 
pressure on your hand when the cube is in Bwtjoti, then ' 
when it is not/in mntinn 

2. Tak^Mrondk and attach it to the firsl Shake the 

cube^ in first^ofi^ hand and taentijr'other hand; res^^ v" 
thycubes near the tips of your fingers, moving your 
h^d up and down. 

THAT IS THE mss OF TWO GRAMS! 



3. Take five cubes in one hand and shake them around. ' 
THAT IS THE llA|SOFTIVE GRAMS! 



^, ^H, B. -DEVELOP YOUR ABIL1T.Y TO EStLMATE^LNGRA.MS ^ 

You are now ready to improve your ability to estate in ' ■ ^ 

, gramsyRemember how heavy the 1 gr^m cube is, h^w heavy - 

' . the two gram cubes are, an^Hiow he^vy the five grajl cubes " " /■ 

^ are. For each of the following items, follow thVprocedures ^ i 

' used for estimating in kilograms. \ f-^ 



r 



{ 
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1. Two thumbtacks. 

2. rencil. 

3. TwQ-page letter 
and envelope. ' 

f>4. Nickel " 

5. Apple. 

6. Package^^of 
margarine. . ■ 



How Close 

Estimate Measurement Wet/ You' 
(?) ■ . (g) ^ 



V 
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TEMPERATURE MEASUREMENT ACTIVITIES 
Degi^e Celsius 



11 




I. DEGREE CELSIUS ( 



Degree'Celsius (°C) is the metric- measure for temp'erature. 
A. DEVELOP A FEELII^G FOR DEGREE CELSIUS 
Take a Celsius thermometer, Look it the marks on it. 

1. Find 0 degrees,' 

. WATER FREEZES AT ZERO DEGREES CELSIUS (0°C) 
WATER BOILS AT 100 DEGREES CELSIUS (100°C) 

2. Find the temperature of the room. ■—."^•Jp 

, room cool, warm, or about right? 

3. Put some hot ^vater from the faucet into,a container. 
Find the temperature. • °C. Dip your finger 

' quickly in and out of the water. Is the water very hot, 
hot, or just warm? - 

4.. Put some cold water in a container with a thermometer. 

Find the temperature. ^ °C. Dip your finger into 

the water. Is it cool, cold, or very cold? ^ / 

5, Bend your arm with the inside of your'elbow around the 
bottom of the thermometer. After about three minutss 
find the temperature. °C. Your skin tempera- 
^ ,i .tur^isjuotashig 



i your body temperature. , . 

NORMAL BODY TEMPERATURE IS 37 DEGREES 
CELSIUS (3fC). . . 

AFEVERIS39°C.. 

A VERY HIGH FEVER IS 40°C., 



Bv^-i 



,3. 

■ 4.' 
. 5. 
. 6. 

7. 



;D|:VEL0P YOUR ABILITY TO ESTIMATE IN DEGREES 
iCELSIUS 

For each item, ESTIMATE and write down how many degrees ■ 
Celsius you think it is. Then measure and write the MEASURE- 
MENT. See how- close your estimates and actual measure- 
ments are. • • , 

How Qose 

Estimate Measurement Were You? 

rc) CO . 

Mx some hot and , ' 
cold water in a 
container. Dip your • 

finger into the m 

water. ^ 



Pour out soro . 
the water, Add some 
hot water. Dip your' 
finger quickly into 
the water. 

Outdoor tempera- 
ture. 

Sunny window sill. ■ 

^h of ice and wafer. 

Temperature at 
floor. - 

Temperature at" 
ceiling. 



-r 



00 



THICtimil KW VOCATIONAL EDUCATION EXefCiSB 5 



V 



UNIT 




OBJECTIVES 

The student will recognize and use the metric 
terms, units, and symbols used in this occupa- 
tion. 

• Given a metric 'unit, state its use in this 
occupation. 

• Given a measipment task in this occupa- 
tion, select tnhppropriate metric unit 
and measurement tool. 



SUGGESTEDtEACHING SEQUENCE 



1. Assemble metric measurement tools (rules, 
tapes, scales, thermometers, etc) and 
objects related to this occupation. 

2. Discuss with students how to read the 

tO|(lls. 

3. Present and have students discuss ' 
information Sheet 2 and Table 2, 

4. Have students learn occupa^ionally• 
related metric measurements by complet-. 
ing Exercises 6 and 7. 

5. Test performance by using Section A of 
"Testing Metric Abilities." 



METRICS IN THIS OCCUPATION 



Changeover t^ the metric system is under way. Large corporations are already-using 
metric measurement to competj in the world market. The metric system has been used in 
various parts of industrial and scientific communities for yeflis. Legislation, passed i» 
1975, authorizes an orderly transition to use of the metric system. As businesseL/ 
industries make this metric changeover, employees will need to use metric jileasuSent 
in job-related tasks. ' , 

\ ■ ' •■ 

Table 2 lists those metric termsl which are most commonly used in this occupation. 
These terms are replacing the measurement units used currently. What kinds of job- 
related tasks use measurement? Think of the many different kinds of measurements you 
now make and^se Table 2 to disciiss.the metric terms which replace them. See if you 
can add to the hst of uses beside each metric term. ^ ' ' 



\ 



/ 
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Information Sheet 2 



Quantity 


Unit 


{ Syml^l 


Use . 


Length 


1^ \ 

millimetre 


mm 


Tolerances; tools; hoses; lines; wire; vehicles; tire sizes. 

6 


rentimetre ^ 


cm 


metre ; 7 ' 




Storage. ^ 


kilometre. 


km 


^ Distance. 


Area 


square metre V .7 




Station layout; storage ; workspace; sales area. 


Volume/Capacity 


N ^—r,, ' ^ 

cubic centinie^e % | 


cm 


Engine displacement. 


millilitre ^ 


ml ' 


Liquid polish; lubricants. . \ 


litre 


1 


Lubricants; gasoline; engine dispJacement. J 


r 

^ Masa 


p^m 




Paste wax; solids and semisolids (i.e,, grease). - 


kilopam - 




Order weights of dry goods (i.e., batteries, tools, etc.), soiiqb ana 
semisolid lubricants (iiC., grease); shipping weights. 


metric ton ' 


t 


Bulk fuel ; oil; heavy equipment; shipping weights: 


Temperature 


degree Celsius 




Battery; coolants; engme;bj] weight determination; thermostats. 


Dilutions or Concentrates 
Dry mixes 

Liquids' ' 


aams per kilogram 




QeaningagentSi 


millilitres per litre 


ml/1 


Coolant; cleaning agents; antifreeze.' 


grams per litre 


g/1 


Cleaning agents. 


Application Rates 
Dry or Granular 

Liquid i 


V grams per Bquare metre 


g/m^ 


Cleaning agei|ts. 


millilitres per square metre 


ml/m^ 


litres per square metre 


1/m^ 


Speed . 


kilometres per hour 


kffl/h 


Relattve to RPM, legal interstate speed limit about 90 km/h. . 


ronfiumotion Rale* 


litres per 100 kilometre"^ 


litre/100 km 


Fuel usage. 


kilometres per litre 


km/l' 


Pressure 


kilopascal 


kPa 


Tir^, air hose pressure. 


'Power"""*"""'*'''''*' 


' kilowatt ^ 


••kW- 


, , .Engine outputf * - - -'^ ^ * • ^ * ' ^ * 


Torque** 


newton metre 


N-m 


Engine forc^ tightening fastenings; 



♦Pr««nt thinkini! i> litre/100 km will be wed as is the practice in Europe. You m^y also see km/litte ftihg i 
♦Sy TbeTferred to enoneously on some tools and in some literature as "knogram-metre" (kg'm| 



ERiC 
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Table 2 



CENTfR K» ^QCamU EDUCATION 



14 



TRYING GtT METRIC UNITS 




To give'you practice'with metric unj/, first estimate the ifieasure- ' 
ments of the items below. Write down ^mi best guess next to the item. 
Then actually measure the item and write down your answers using the 
correct metric symbols, The moreypu practice, the easier it will be, 






Estimate 


Aetna] 




16, Transmission 


-— — ^ 






\ Estimate 


Actual 




n. Differential 






• 18. Fuel tank 






Length 

r 1. Diameter of a piston 






19, Liquid polish container 






iJittineier pi a cylinder 






, 20. Oilcan 






0. o^iuRc ui an engine , 

1 ^-TH 1^ 






'^l' Tank for cleaning parts, 

; ~ i _ 






J fip^tinn Af fnol Hnn 
i. ucLUUll Ul iUci line 

■■■ ■ \ 




'-i — 

t' 


22, Engme displacement 






5. Spark plui; zap 






^ 6. Section of heater hose 






^Mass, 

23, Case of oil 






Distance to next town^ 






24 Tire weights (for 
' balancing tires) 






8, Inside diameter of water hose 






■ ; — 
25, Weight of car 






Car or truck length 






26, Container of grease 


V ■ 

\ 




Area 

10. Sales space 




'~ 


27. Can of wax • 






11. Stockroom 






28. Wrench 




fi , 


Service bay- 






: " 1 

Temperature 
29. Hot engine 




\ 


. 13. Office 






\\. Workbench 






Air output of air 
conditioner 






31. Electrolyte in a battery 






Volume/Capacity ■ 
15. Radiator 






32 - Sales area 
— 


— \ 
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SELLING W^ra, METRICS 



It is important to know what metric measurement to use. Show 



what measurement t-e/use in -the following situations. 

Jl 



1, Capacity of a flpw control oil measure 



2. Mass of an aluminum slotted rim 



3, Diameter of a wheel rim 



4. Area of a stockroom 



5. Capacity of a parts cleaning tank 



6. Mass of a standard steel rim 



l.'f Area of a new car showroom 



A,- 



8. Dimensions of a piece of shelving: 
a. width 



, b. length 



9. Length of an emergency brake cable 



\i ; 10. Temperature of the electrolyte iji a 
carbatteiy 



i i U. Capacity of Uie paint container on 



* • ' asjJray gun 



' ■ 12. NumBerof pckaged air cleaners that 

/ • will fit on a shelf . " 

^ 1 : ^ 

» ' ^ 13. Diameter offa heater hose 



14. Size of a socket or end wrfinch 



15. Mass of a quantity of grea^s€ 
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16. Temperature of a properly working 
"thermostat 

* ■■ 

17. Air pressure of a truck tire 



18. Distance from your location to a 
customer's address • ■ 



19. Massif a box of parts to be shipped 



2G. Dilution rate fof mixing a quantity of 
windshield cleaner 

i - — ^ i 



21. Fuel consumption of a delivery truck 



22. Length of a complete exhaust system 



23. Top speed of a car 



, 24. Tighten, lug nuts 



25. Engine output 



26. Temperature of water for 
proper sanitation 



27. Area of parts room 



28. Mass of sledge hammer 



29. Capacity of a fuel tank 



30. Tighten head bolts 

31. Amount of degreaser to 
clean*floor 



32. AmounVof coolant to 1 
to system 
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UNIT 
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OBJECTIVE 

The student will recognize and use met- 
ric equivalents. 

• Given a metric unit, state an equivalent 
in a larger or smaller meti:ic utTtf" 



SUGGESTED TEACHING SEQUENCE 

1. Make available the Information Sheets 

(3 -8) and the associated Exercises ^ 
(8 -14), one at a time. 

# 

2. As soon as you Have presented the 
Information, have the students complete 

Y ^ pch Exercise. 

3. ^.. 'Check their answers on the page titled 

ANSWERS TO EXERCISES AND, 
TEST. 

4. Test performance by usiifg Section B of 
'-'Testing Metric Abilities." 



METRIC-METRIC EQUIVALENTS ' 
Centimetres and Millimetres 



2 3 4 5 6 





1 2 3 4 5 6 



Look at the picture of the nail next to.the ruler. The nail is 57 mm long. This is 5 cm + 7 mm. 
= 5 cm + 0,7 cm 

= 5:7 cm. Therefore 57 mm is the same as 5.7 cm. 



Now measure the paper clip. It is 34 mm. This is the same as 3 cm + 
millimetre is O.l cm (one-tenth of a centimetre), 4 mm = 
34 mm = 3 cm + 4 ram 
= 3 



mm. . Since each' 

,cm. So, the paper clip is 




Information Sheet 3 f 



Now you try some. 

a ) 26 mm = 

b) '583 mm = 
c ) 94mm = 
d) 680 mm = 



. cm 
, cm 
cm 
m 



e) 132 mm = 

f) 802 mm = 

g) 1 400 mm 

h) 2 307 mm 



.,cm 
. cm 
. cm 
. cm 
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Metres, Centimetres; and Millimetres 

There aje 100 centimetres in one metre. Thus, 



■ 2ip« 2xl00cm« 200cm, 
3in« SilOOcm- 300cm, 
. 8in« BilOOcm- 800cm, 
36 m* 36 1 100 cm -3 600 cm. 

There are 1 000 millimetres in one metre, so 

' ,'2m« ZilOOOmm- 200flmmr 
^3m« 3xl 000mm= 3000min, 
6m« 6il 000mra« 6000mm, 
24 m " 24 x 1 000 mm - 24 000 mm. 

From your work with decimals you should know that 

one-half of a metre can be written 0,5 m (five-tenths of a metre), 
orie-fourth of a centimetre can be written 0,25 cm 
(twenty-five hundredths of a centimetre). 

This means that if you want to change three-fourths of a metre to 
milhmetres, you would multiply by 1 000. So 

Oj'5m= 0.75xi^000mm . 



H 

^ 75x 100' 
= 75x10, mm 

- 750 mm. This means that 0,75 m - 750 mm. 



J mm 



:mm 



Information Sheet 4 ^ 



Fill in the following chart. 



metre 


centimetre 


millimetre 


m , 


cm 


mm 


■ 1 


100 


1000' 


2 


200. 




3 






9 










5 000 








0.8 


80 




0,6 




600 




2.5 


■' 25 






148 




639 
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Millilitres to Litres ^ , , • 

There are 1 000 millilitres in one litre. Thii means that . v 

2 000 millilitres is the same as 2 liUes, /' 

3 000 ml is the same w 3 litres, ' 

4 000 ml is the same as 4 litres, 

12 000 ml in the same as l2 litres. ' . 

Since there are 1 000 millilitres in each litre, one way to change mill!' i 
litres to litres is to divide by 1 000, For example, 

f i' 

1000 

1000 ml 'ToOO"^^"^'"^"* ' 
Or ,\ . 

2000 4 
2000 ml = •j^litres'=2lftres. 



Anld, as a final example, 
28000 

28000 ml 



litres = 28 litres. 



What if something holds. 500 ml^ How many litres is this? This is 
worked the same way. ' 

son 

500 ml * litre = 0.5 litre (five-tenths of a litre I So 500 m^ 
is the same as one half (0.5) of a litre, 

Change 57 millilitres to litres. W 

57 ml litre = ^i^^jitre (fifty-seven thousandths of a 
^ litre). ^^'"^ ' 



Information Sheet 5 

Now you try some. Complete the following chart. 



' millilitres 


litres 


(ml) 


(1) 


3000 


3 


6000 






8 


. U 000 






i3 


300 


0,3 


"00 






0.9 


250 






0.47 


275 
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Litres to Millilitres 



. m do you do if you need to change Htres to mill,|,tres? Remember, 
there are 1 000 milhlitres in one litre, or 1 litre = 1 000 ml. 

So. ' . ' 

2 litres - 2 x 1 000 mJ = 2 000 ml, 

7 litres = 7 x 1 000 ml = 7 000 ml. ' , , 

.. 13 litres =1J X 1 000 ml =13 000 ml 

^^'65 litre = 0.65 X 1 000 ml = 650 ml' 



Kilograms to Grams 

■ 

To change kilograms to grams, you multiply by 1 000. 

-' kg' -1 xlO0Og= 4 000 g. 
23 kg = 23 xl 000 g = 23 000,g, • 
0.'5kg= 0.75,.UO0Og= 750 g.' 



Conipletc the following chart. 



Information Sheet 8 



Now you ti|' some.'Tomjilete the following chart 



^ Information Sheet 6 



litres 
1 


millilitres 
mi 


8 


. 8000 


5 ■ 




•16 






L 32 000~ 


0.4 




0.53 






480 



Exercise H' 



Grams to Kilograms 

There are 1 000 grams in„onp kilogram. This m^ap that 

2 000 grams is the same as 2 kilograms, ' 
5 000 g is the same as 5 kg, \ 

700gisthesameas0.7.kg,.andsoon,' . . 

To change from grams to kilograms, you use the same procedure for 
changing from millilitres to litres. 



'' Try the following ones. 



Information Sheet 7 




grams 
i 


■olograms 
M 


4 000 1 


4 


9000 




.23000 






8 






275 
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i 



r 



kilograms 

k 


grams 
g 




7 000 








25 000 


0.4 




0.63 






175 



Exercise 13 



Changing Units at Work 

^me of tjje things you use in this occupation may be measured in 
different metric units. Practice changing each of the following to 
metric equivalents by completing these statements 



m 



10 litres of fuel _ ' 
50cmoffuellineis 

1 250 ml of liquid is J 
5 cm diameter hose' isl 

2 500 g of grease is _ 
120 mm wide shelf is 



0.25 litre of brake fluid is 

1100 kg car is 

2 m long'truck bed is 



500 g can of paste wax is 

50'' Tii of fuel additive is 

0.5't engine is ^ 

10 m of wire is 



2.5 cm wide hose is <^^^ 

2 400 mm display panel length is 

2 m length pipeis 'i^, , | 



_ m 
_1 

_ mm 
-kg 
^ cm 
I ml 
_t 
_ mm 
-kg 
1 

-kg 
^ cm 
^ mm 
_ cm 

mm 



r 



/ 

I' 

41 
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OBJECTIVE 

The student will recognize and use 
instruments, tools, and devices for mea- 
surement tasks in this occupation. 

• Given metHc and Customary tools, 
instruments, or devices, differentiate 
between metric and Customary. 

, • Given a measurement task, select 
and use an appropriate tool, in- 
strument or device. 

' • Given a metric measurement task, 
judge the metric quantity within 20% 
and measure .within 2% accuracy. 

SUuGESTED TEACHING SEQUENCE 

1. Assemble metric and Customary measur^ 
ing tools and devices (rules, scales, ^C 
thermometer, drill bits, wrenches, micro- 
meter, vernier calipers, feeler gag^s) and 

• display in separate groups at learning ' 
station. 

2. Have students examine metric tools and 
instruments for distinguishing character- 

istics andvc.ompare, them with Customary 

tools and instruments. 

3. Have students verbally describe charac- 
teristics. ' 

4. Present or make available Information 

• Sheet 9. 

5. > Mix m^c and Custon)ary tools or 

equipment at learning station. Give 

• stu9ents Exercises 15 and 16. 

6. • Test performance by using Section C 

of "'7esting Metric Abilities,'' ' 



ic 
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SELECTING AND USING 

METRIC INSTRUMENTS , TOOLS AND DEVICES 



' ■ Selecting an improper, tool or misreading a scale can result in an improper sales form, 
damaged materials, or injury to self or fellow workers. For example, putting 207 pounds per 
square inch of pressure (psi) in a tire designed for 207 kilopascals (about 30 psi) could cause 
a fatial accident. Here are some suggestions: 

1 . . Find out in advance whether Customary or metric units, tools, instruments, or pro- 
, ducts are needed for a given task. 

2. Examine the tool or instrument before using it. • ■ 

3. The,metric system is a decimal system. Look for units marked off in whole numbers, 
tens or tenths, hundreds or hundredths. 

4. Look for metric symbols on the tools or gages such as m, mm, kg, g, kPa. . 

5. Look for decimal fractions (0.25J or cfecimal mixed fractions (2.50) rather than com- 
mon fractions ('3/8) on drill bits, feeler gages, etc. 1 

6. Some products may have a special metric symbol such as a block M to show they are 
metric. 

7. Don't force bolts, wrenches, or other devices which are not fitting properly. 

8. Practice selecting and using tools, instruments, and devices. ■ . 





Information Sheets 
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WHICH TOOLS FOR THE JOB? 



• Practice and prepare to demonstrate your ability to identify 
select, and use metric-scaled tools and instruments for the tasks giv'en 
below. You should be able to use the measurement tools to the aporo. 
■priate precision of the tool, instrument, or task 



1. Detern/n 



riine the afea of a damaged fender to be painted . 

2. Determine the mass of a quantity qf body putty. 

3. Determine the temperature (and specific gravity) of a battery. 
|4. Determine the proper storage temperature for eleclrolyte. 

5. Determine spark plug gap. 
,. 6. ^termine the amount of oil needed to fill a crankcase. 



7. Determiq^ the Jnount of fluid needed to fill a winishield 
washer container. 

8. Determine the mass of a box of parts to be shipped. 
, 9. Fill a car tire to the proper pressure. 

' lO. Determine the area of a showroom. • 
11. Determine the distance to the state capitol. 

ll Determine the amount of coolant needed to protect to 
36 C. 

13. Determine the length of a replapement exhaust system.. 

14. Determine the dilution rate for mixing a quantity of 
.windshield cleaner. 

t 

15. Determine the capacity of a paint container on a spray gun. 

16. Determine'the temperature of water for proper , 
- sanitation. 

17. Determine the top speed of a car. - 



18. Determine the area of a service bay. 

19. Determine the mass of a quantity of grease. 

20. Determine area ofa parts room. 

21 . iieiemine the level of fuel in underground storage tank. 
-2. Determine amount of degreaser needed.to clean floor. ' 
2.' Detrmine proper storage temperature for products. 

24. Determine proper socket size for head bolt. 

25. Determine the amount of air needed to "top-up" or 
fill an air shock. ' 

26. Fill a truck tire to the proper pressure. ' ^ 

27. Detemine the distance to the nearest interstate highway. 

28. Determine the mix of antifreeze and water needed to 
protect to -IO C. 

29. Determine th^capacity of a parts-cleaning tank. 

30. Determine the mass of a battej#'fif ■ 



PETROLEUM MARKETING / 


For the tasks below, estimate the metric measurement to within 
20% of actual measurement, and j/erify the estimation by measuring to 
within 2% of actual measurement. 




Estimate 


Verify ' 


.10. Area of sales floor ' 








'Estimate 


Verify 


' 11. Capacity of tool box 






1 Amount of automotive finish 
to repaint compact car • : 






12. Area of workbench , 






13. Dimension of service doors: 
^ a, Height 




* 


1 

2. Temperature of : , 
a. sales area 






b. Width . 






b, service area 






14. Mass of a quantity of grease 




• 


c, outside 






15. Volume of fuel in under- 
ground-starage tank 




1 


d. cooling system 






e. electrolyte 






16. Width of spark plug gap 






3. Length of ignition wire on 
a spool 






Tire pressure 






. 18. Capacity of fuel tank 






4. Mass o| box of parts to be 
shipped 






19. Capacity of. fooling 
^ system ^ 






5, Area of parts counter 






20, Volume of an air 






6.... Length' oLdispJay case. 






7. Capacity of gas can 






91 niQtiinpp tn np^TPst 

parts house 




\ 


^ 

8. Volume of oil container 












9. Delivery distance to ' ' 
customer's service station ' 







Exercise 16 
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OBJECTIVE 

The student will recognize and use metric 
and Customary units interchangeably in order- 
ing, selling, and using products and supplies in 
this occupation, 



ito^ai 



• Given a CustcUary (or metric) measure- 
ment, find the metric .(or Customary) 
equivalent on a. conversion table. 

' i 

• Given a Customary uni| state the re- 
placement unit, 



■ 'U 

SUGGESTED TEACHir| SEQUENCE 

1. Assemble packages and containers of 
V materials, - 

2. Present or make available Information 
Sheet 10 and Table 3. 

3. Have students find approximate metric- 
Customary equivalents by using 
Exercise 17, 



I. Test performance by ijsihg Section D of 
"Testing .Metric Abilities." 



06' 
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METRIC-CUSTOMARY EQUIVALENTS 



During the transition period there will be a need for finding equivalents between systems. 
Conversion tables list calculated equivalents between the two systems. When a' close equivalent .• 
is needed,- a conversion table can b? used to find it, Follow these steps: 

1. Determine which conversion table is needed. •■ ■ 

2. Look up the known number in the appropriate column; if^not listed, find numbers you 
can add togetljer to make the total of the known numbi © 



3. Read the equivalent(s) from the next column. 



Table 3 on the next page gives an example of a metric-Customary conversion table which 
you can use for practice in finding approximate equivalents, Table 3 can be used' with Exercise 
17, Part 2 and Part 3. 

Below is a table of metric-Customary equivalents which tells you what the metric replace-^ 
ments|or Customary units are,* This table can be used with Exercise 17, Part 1 and Part 3. The 
symbol,* means "nearly equal to." ' 



1cm* 0,39 inch 
1 m * 3,28 feet 
lm*1.09 yards 
1km* 0,62 mile 
1cm- * 0.16 sq in 
lm^M0,8sc^ft 
Im^ *1.2sqyd 
•]; hectare* 15 acres ^' 
^ 1 cm-^ * 0,06 cu in 
, 1 ni-' * 35.3 qu ft 
Im' *l.'3cuyd 



1 inch * 
1 foot * 
■1 yard * 
1 mile * 
1 sq in * 
1 sq ft * 
1 sq yd * 
"'"1 acre 
1 cu in * 
1 cu ft * 
1 cu yd * 



2,54 cm 
0,305 m 
0,91m ' 
1,61 km 
6,5 cm' 
0,09 m' 
0,8 m' 
■0:4 hectare 
16,4 cm^ 
0,03 m^ 
0.8 m^ 







lml*0.2tsp 


1 tsp * 5 ml 


1 ml * 0,07 tbsp 


1 tbsp* 15 ml 


ll*33,8floz 


Ifloz* 29,6 ml 


11*4,2 cups 


1 cup ^ 237 mr\ 


1 1 * 2,1 pts 


1 pt * 0,47 1 


11* 1.06 qt 


Iqt* 0.951 


ll*0,26gal 


1 gal * 3,79 1 


I gram * 0,035 oz 


"l"oz*'28,3g''^' 


lkg*2.21b 


lib* 0,45 kg 


1 metric ton * 2205 lb 


1 ton * 907,2 kg 


l,l{Pa* 0.145 psi 


, 1 psi * 6,895 kPa 



Information Sheet 10 



METRIC UNITS FOR AUTOMOTIVE MERCHANDISING. PETROLEUM MARKETING 




c 



MILLIMETRES TO INCHES 



1 000 mm orlm" 39.37in. 



mm m. 


> mm in. 


mm in. 


mm \n. 


100 3.93 


10 0.39 


1 0.04; 


0.1 0.Q04 


200 7.87 


20 0.79 


2 koa 


0.2 0.008 


300 11.81 


30 L18 


3 .0.12 


0.3 0.012 


400 15.74 


40 1.57 


4 


0.4 0.016 


500 19.68 


50 1.97 , 


5 0.20 ' 


0.5 ; 0.020 


600 23.62 


60 136 


6 0.24 


'0.6 0.024 


700 27.56 


70 176 


7 0.28 


0.7 *0.028 


800 31.50 


80 3.15 


8 0.31 


0.8 0.031 


900 35.43 


90 3.54 


9 0.35 


0.9 0.035 




APPROXIMATE SPECIFICATIONS FOR DOMESTIC COMPACT 2 DOOR SEDAN 





Metric 


Customary 


Length 


429.3 cm, 


169.0 in. 


Mass 


1177 kg 


2,594 lbs. 

— : — ^ : 


— e ' — 

Capacities , 
Fuel tank 


1 

49 litres 


9 

13 gal. \ 


Crankcase 


4.73Ktres 


• 5qt. 


. CooIingVstcm 


; 

8.28 litres 


8.7iqt.': 


: Antifreeze Protection 


■34°C with 3.75 litres 


■SCFwith^qt. 


I 

Hi^way Fuel Consumption 


14.5 km/1. 


— , ^ 

34 mpg 


Maximum Speed 


193km/h 




Maximum L^gal Spied 


;•■ '88km/h 


_ 1|^^ 


• Engine Displacement ■ 


, 2300cm.M2.3Utres) 


140cu.in, 


Power ' 


. 78 kW 


105 hp 


Electrical System 


V 12 V 


12V 


Tire Pressures - 






Front 


165 kPa 


24psi 


Rear 


;22'lkPa 


32psi 


Trunk Space ' 


0.18 m'' 


6,3 cu. ft. 




THE CENTER FOR VOCATKWAI EDUCATION 



Table 3 



ERLC 
DU 



24 



ANY WAY YOU WANT IT 

1. You ar.e working in a service station or auto parts store, With 
V the chang| to metric measurement some of the things you order, 
sell or use are marked only in metric units. You will need to be ' 
familiar with appropriate Customary equivalents in order to 
communicate with customers and suppliers who use Customary 
units. To develop your skill use the Table on Information 
Sheet lO^nd give the approximate metric quantity (both number 
and unit) for each of the following Cdstomary quantities. 



Customary Quantity 
a ) 5 lbs. of grease 



b) 20 gal. of gasoline 



c ) 4 in. section of brake line 



d) V2 in. spark plug thread reach 



e ) 20 ft. X 30 ft. sales area 



f ) 5 acres of parking lot 



Metric Quantity 



g') 100 lbs. of bulk road salt 



h) 18 in. fuel line 
i ) t^vo gallon can 



j ) Ipt. of lubricant 



k) 6 fl.oz. of spray paint 



'I ) 3 mile distance 



pi) 6 in^^eater hose 



n) 4 qts. of antifreeze 



0) 2 ft. length of wire 



Use the conversion tables from Table 3 to "convert thefollowing: 



a) 


25 mm = 


in. 


f)lhp = 


kW . 


b) 


7.00 mm = 


in. 


gj 24psi = 


kPa 


■c) 


33.3 mm = ■ 


in., 


h) 88km/h = 


m.p.h. 


d) 


620 mm = 

4. 


in. 


i ) 14.5 km/I = 


-m.p,g. 


e) 


52 mm = 


In.. 


■j ) 78 kW = 


hp 
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3. 



Complete the Requisition Form.using the items listed. Convert 
■ the Customary quantities to metric before filling out the form. 
Complete all the information (Date, For, Job No., etc.). 
Order the following automotive supplies; 

a ) Twelve 1 gal. containers of coolant 

b) Forty.eightqt.cansoflOW30oil 

c ) Twenty-four y. oz. cans otfuel additive 
^ ) 100 ft. spoofof ignition wire . 

e ) Six sets of 20 in. by 14 in. floor mats 

f ) 40 ft. of 1/2 in. I^. water hose ' ■ 
g') Ten 5 lb. tubs of gr^ ase 





REQUISITION , 


For 




■ Date ' ' ^ 




Job No., 




Date Wanted 


Deliver to 








f \ 


QTY 


UNIT 


ITEM 














Requested by ' ' ■ . 


Approved by 









Exercise 17 
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SECTION A 



r. One kilogram is about the ma<s 
of a: 

[Al nickel 
[B| .apple seed 
[C| basketball 
[D| Volkswagen ^'Beetle" 

2. A squre metre is^out the 
area of. 

[A| this sheet of paper 
[B| a card table top 
•[C| a bedspread 
I D I a postage statri^. 

3. Spark plug gaps, drill bit diameters, 
hoiTe diameters, and wrench sizes 
are measured in: 

[A] millilitres 

[B| millimetres 

(C) metres 

[D I > milligrams / 

4: Fuel is measured in: 

[A] kilograms 
' .[Bl^etres 

[C] millilitres, 

[Dj litres 

5. Th** corredway to write tweniv 
grams fs* 

[A| 2()gms 

|B| 20 dm 

in 

fl)l 20 n 




6. The cftnect way to write twelve 
thousatid millimetres is: 

[A I 12.000 mm/ 

i 

IB) 12.000 mm . 
^CT 12 000mm 
(D| 12 000 mm 

SECTION B 

7. A car 200 centimetres wide 
. also has a width of; 

[A] 0.2 metre 

[B] 2 000 metres ^ 

[C] 2 metres 

[D] 200mttre5 \ ' ' 

8. A sales area 525 centimetres 
by 780 centimetres is also: 

[A] 0,525 metre X 0.078 metre 

[B] 5.25 metres X 0.78 metre 

[C] 525 njetresx/ZS metres 

[D] 5.25 metres n^Srtietr'es 

SECTION C.' 

9. To measure in ijfrillimetres you" 
would use a: 

[Ap container ^ ' 
\ 

' [B| scale - > 

IC] ruler 

[D| pjjfssuregage 

10. For mepring tire pressure you 
^j^m^I^^ £| gage marked off in ; 

''[A] pkms 

[B] kilometres i . 

[C] kilopascals 
[DJ Celsius 



J 

II Estimate the length of the line 
segment below: f 



Use th is conversion table to 
'^^ answer questions 15'and 16. 



[A] 23 grams 

|B| 6 centimetres 

[C] . 40 millimetres 

[D] iT^scals 



12. Estimate the length of the line 
segment below: 



. [A) 10 millimetres 

(B) 4 centimetres 

[C] 4 pascals 
[Dj, 23 milligrams 

SECTION D 

13, The mettle unit which replaces 
the gallon is: , 

^ ''[A] kilopascal ' 

[B] litre 

[C] kilolitre ■ 

[D] millilitre 

I 

14. The metric unit which replaces 
horsepower is: 

[A] kilokelvin 

[B] kilopascal 

[C] kilopower 

[D] ' kilowatt 



mm in, 


mm'^ in. 


inn ^QA 


10 


0,39 


200 7.87 


20 


0.79 


300 11.81 


30 


1.18 


400 '-' 15,74 


40 


1,57 


500 19.68 


50 


1.97 


600 23.62 


60 


fli 


700 . 27.56 


70 




800 31.50, 


80 


3.15. 


^00 35.43 


90 


3,54 



, IS. The equivalent of 230 mm is: 
[A] 2.30 in. 
[Bl 9.05 in. 

(C) 23.0 in. 

[D] 8.05 in. 



16, The equivalent of 320 mm is: 

[A) 32,0 in, ■ 

[B] 12,6 in. 
[0 3,2 in. 

• [D] 12.0 in. 
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ANSWERS TO EXERCISES AND TEST 



EXERCISES! THRU 6 

The answers depend on the items 
used fnr the activities, 

EXERCISE] 

Currently acceptc^d me.tric units of 
. measurement for each question are 
shown m Table 2. Standards in each 
occupation are being estabhshed 
now. so answers may vary. 

EXERCISES 



Exercise 10 



Exercise 13 



-al' 2.6 cm 
b) 58.3 cm 
fl . 9,4 cm 
di 68.0 cm 



ei 13.2 cm 

fl 80,2 cm 

g) 140,0 cm 

hi 230,7 cm 



EXERCISES 9 THRU13 

Tables are reproduced in total. An- 
swers are in parentheses. 

Exercise 9 



metre 


centimetre 


millimetre 


m 


■ cm 


mm 


1 


100 


1000 


2 


• 200 


(2 000) 


3 


(5Mj 


(3 000) 


-9 


(900) 


(9 000) 


l5l 


1500) 


5 000 


74 


(7 400) 


(74 000) 


0.8 


80 


■(800) 


0.6 


(60) 


600 


(0,025) 


2.5 


25 


10.148) 


'14.8) 


148 . 


(6.39) 


639 


, (6-390) 



03 



'{Tiillilitres 
ml ' 


litres 

1 
1 


■30k, 


3 


6 000 


,16) 


(8 000) 


\8 


(14 000) ' 


(14) .. 


(23 000) , 


i5 


300 . 


' 0„3 


700 • 


(017) 


(900) 


0.9. 


'250 


(0.2S) 


1470) 


. 0.47 


. 275 


(0.275) 



Exercise 11 
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■ litres 
1 


millilitres 
ml 


8 


8000 


5 


(5 000) 


'46 


-V (.46 000) 


(32) 


/:32 000, 


0,4' 


(400) 


0.53 


(530) 


(0,4.8) 


' 480 


fWcise 12 




grams 
g 


kilograms 
kg 


4 000 


4 , 


9 000, 


(9); 


23 000 


(23) 


(8 000) 


8 


30p 


(0.3) 


275 


(0,275) 



kilograpis 
kg 


grams 
g 


7 


,7 000 


11 . 


(11 000) 


' (25) 


25 000 


0.4 


■. (400.) 


0,63 


(6301 


(0.175) 


175 



Exercise 14 



a) 
b) 
c) 
d) 
e) 
f) 
g) 
h) 



10 000 ml 
0.5 m 
1:25 litres 
•50mm 
2.5 kg 
12 cm - 
250 ml 
lit 



i ) 
j) 
k) 
1) 
m) 

n) 
0) 
P) 



2 000 mm 
0.5 kg 
0.5 litre 
500 kg 
1 000 cm 
25 mm 
240 cm 
2000 mm 



EXERCISES 15 AND 16 

The answers depend on the 
items used for the activities. 

EXERCISE 17 
Parti. 



Part 2. 



a) 2,25kg 

b) 75.8 litres 



h) 45.72 cm 
i ) 7,58 litres 



c) 10.16 cm j ) 0.47 pt. 

d) 1.27 cm k) 177.6 ml 



^ e) 6.1 mx 
9.15 m 
f) 2ha 
gM51^ ■ 



1 ) 4.83 km 

m) 15.24 cm 

n) 3.8 litres 

0 ) 0.61 m 



a) 
b) 
c) 
d) 
e) 
f) 
g) 
h) 
i) 
j) 



0.,99in. 
27.56in. 
1.312 in.., 
24.41 in. 
'2.05 in. '\ 
0.75 kW " 
165 kP^ 
55 m.p.h. 
34 m.p.g. 
105 hp 



Part 3! 

a) 3.79 litres 

b) 0.95 litre 

c) 177.6 ml 

d) 30.5m 

e ) 50.8 cm by 35.56 cm 

f) 12.2mofl'.27cm 

g) 2.25 kg. 

TESTING METRIC ABILITIES 

1. C 9. C 

2. B 10. C 

3. B 11. B 
, ' 4. D 12. A 

5. D 13. B. 

6. D 14. D 

7. C 15. B y 

8. D 16. B 



:nmmmmMm\a. m-i^mim Reg 



ion Ho. 5-11 
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SUGGESTED METRIC TOOLS AND DEVICES 
NEEDED TO COMPLETE MEASUREMENT TASKS 
IN EXERGfeESl THROUGH 5 
J (*Oplional) 



UNEAR 



MASS 



I 



Metre Sticks 

Rules, 30 cm 

Measuring Tapes, 150 cm 
*Height Measure 
*Metre Tape, 10 m 
♦itundle Wheel " 
*Area Measuring Grid 



OLUME/CAPACITY 

*Nesting' Measures, set of 5,, 

50 ml -1000 ml 
, Economy Beaker, set of 6, 
. SOml-lOOOml 

Metric Spoon, set of 5, 
lml-25ml 

Dry Measure, set of 3, 
50, 125, 250 ml 

Plastic Litre Box 
Centimetre Cubes 



Bathroom Scale 
*Kilogram Scale 
*Platform Spring Scale 
5 kg Capacity 
, 10 Kg Capacity 
° Balance Scale with 8-piece 

mass set' 
*Spring Scale, 6 kg Capacity 



TEMPERATURE 



Celsius Thermometer 
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SUGGESTED METRld TOOLS AND DEVICES 

NEEDED TO COMPLETE OCCUPATIONAL 
MEASUREMENT TASKS 



In this occupation the tools needed to complete Exercises 6, 
is, and 16 are indicated by 



A. Assorted Metric Hardware-Hex nuts, washers, screws, • 
cotter pins, etc. 

B. Drill Bits-Individual bits or sets, 1 mm to 13 mm range 

C. Vernier Caliper-Pocket slide type, 12Qfmm range 

* D. MicrometeK)utside micrometer caliper, 0 mm to 25 mm 

range ' 

* E. Feeler Gage-13 blades, 0.05 mm to 1 mm range 

* F. Metre Tape-50 or 100 m tape ' 

G. Thermometers-Special purpose types such as a clinical 
thermometer 

H. ' Temperature Devices-Indicators used for ovens, freezing/ 
, cooling systems, etc. 

* I. Tools-Metric open end or box wrench sets, socket sets, 

hex key sets 

J. Weather Devices-Rain gage, barometer, humidity, wdnd 
velocity indicators 

* K. ' Pressure Gages-Tire pressure, air, oxygen, hydraulic, fuel, 

etc. A 

L Velocity-Direct reading or vane type meter 

* M. Road Map-State and city road maps 

* N. Containers-Buckete, plastic containers, etc,, for mixing 

and storing liquids . 

* 0. Containers-Boxes, buckets, cans, etc., for mixing and 

- storing dry ingredients 

^ . ' '. 

Most of the'above items may be obtained fromlocal industrial, 
hardware^and school suppliers, Also, check with your school distri^s' 
math and science departments and/or local industries for loan of their 
metric measurement devices. ' . ■ 



^Measuring devices currently are not available. Substitute devices (i.e., thermometer) 
may be used to complete the.rpeasurement task. . - \ * 
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Mil»i)r,ifur\ ;u t!Utu-'. Mi ;jidi\;di;;it.^ 
''i^'''-'' ' i^'<\ liiic !>,'iv, .vKijfr iviiiifhctiv \[:\{\ 



i^^'i, J>i,'\i)rihl';;'l(l, [1, hhDm ; 



. 'ind Ml,l\^.llv illuslr.ift'd in inUTi'stiii^ 



* ' ' ■ ■ ''""''^''^ ' 'ili^'Nnn, ill!' (\'nUTlft'\ iH;aUf)n;il Kiln- 

' -.'■ipri f:.-iv..- !)i!)li..,^.M;):u^Mhii.siriirti,.n,i] nKil*'r!dl,s, rolnviur- iihid-ruU 
''"^ •'♦'^ v'mLiia, pusi MVf)ni].ir\, h':h-h'f'i t'diuMliun, .ind 
r'lur.liiui ;n>,lriid|.in.il iiKiU'rial.MiHlru'd 1)\ -l;") [iiriipiiti/iil 
'■■i'tvrsj\p.s.,[';i,.it('ri,i!-., .1(1(1 aiiir;il!i*n;il!nrl 

' • ■ ■ ' '''''' '■ ■'" • i^'riinu\ii i.'ii/' 

' ni'.rrMlv.ih|ii;nMi-,()H |,r>10 J^I7:\ 1^1 [M^rs: 

^'■tp'T :nr t.jch.r;. rurriniliiiu ijovcIntuTS. ,m(l .Kimniislralors in vtotmnal. 
,<n<l adult nluiMlinn ( overs mm m indric cdm ation, Iht' metric 
rn,' imp.iri .,f ftiKrirathKi m and trchniral i^ducalKMi, 
■'n\>\v'^iiun, n{ nifin.' in.arii.'linr, fo: adiill bastr wlui alion. and Mirrtniliini 

■■ ■ ■•■ ' ■■' Ijiidlnvk, ihtiii K .('h.irlrs A licnnrtt (nniijan^. 
!h't;o.:ll,r ilriM'.lV.^riaJL r,!(;i.l, ll*?;");. li'KI pa;(.'S, 
]\\[U'lM Ml i)ii:i;iti(v school \)mhd,V 
f 

''-'■-'n!. -.n;!. i;„(aii(,n m a ^Hl-ilhmniU'd niann.T hniiuilual 
■ V'»TS I'M liii'.rn ^ 111 dr.iflinki, nii'tal work ink*", woodwnrkini^, pn^T: and 
'■■"■^i:'>.^".t:'rni' afl^ :ui.: il^^n,,,^[lu^ll(^^ ("iLiplcrN follo'A ■ Sy.sr.rral 
:'' '--''ifi^ii :r.iLr', AppHu!i\ nirludrsron^ fM,,- tahli's 

!|"^ f'ar!*, 
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/ ''^i'ij '/N 'i'-u-k^ 'lui V: '^ir- Wi'U'x Training Drparlniml, CrralKc 
' i.niM'r.sal, Inc., Town M, j] /(H) Nor(h\u;s(nn lii^liwiiy, Soiaiifudd. Ml 
mi'), l')7(;, I brM)klri.s, OU ..aidi $rj.(K) .s^'IfdLvuiinLs 

u'S (»t booU-is prt'M'nS sicp-hy-Mnp diroilum.s. qik'sdons. an.swrrs on ' 
!ii>w to read niiarir ni^'aMirt'inrni tools: nurronu'tt'n>. verniL\s calijUTs. ruli-s, 
. dial indic;i((n-N 
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B'^^^i^ ^' Sharpe \laiiiita(lurin^ Co. FnTision Park. Norlli Kin^jslown. 1(1 l)l!S;i2 
Industrial qiialily niicroniL'lvr.s. sUrl rulo.s. scTt'\\ pitch and ihickntvss j^agos. 
>s(|u;!rivs, (ii.pih j^aj^es, calipers, dial indicators, ci/nvcrsion charts and ^iiid^'s-. ' 

Duk Ilhck("umpany.P:{) Bo,\ L^fi?. Calcslmr^', IL Dl IOl 

Instructional quahty rules, tapc6. metre stick.^. cubes; height nieasuri\s. 
trmnllc wlictds, niiMsurinf: lups and spoons, penional scales, crani/kilograni 
^ .si'ales, feeler and depth ^afjes. iH'aker^. themionieleni.- kiti and other aids 

Milhincter Industrial Suppiv (.'(/rp.. 1B2 ( entral Avenue, FamiinKdale, L. I. 

Industrial fasteners, taps, dies, reamers, drills, wrenches. nn^'S. hibhin([s. * 
calipers, steel rules and tapes, feeler ^ages. 

Ohaus .Seale ( orpuration, 29 Hano\er Road. Tlorham Park, NJ 07932 

Instructional quality and precision balances and scides, plastic calipers and 
stackablc gnim cubes for beginners. , - 



RMATiONSOL'HCFS 

y ' ' I 

American yiiMonal Metric Council, 1()25 Ma.sJ>achusetts Avenue. \.\V.. Wishinfjton. 

(.'harts, p(xsteni„rcporuS and pamphlet^s, ,1/t fnc iu'iu.ifici- newsletter. National 
metric coordinating council representiuK industry, Kovemmenl, education, 
profes-sional and trade organizations, 

American Petroleum^ Institute. IM K Street. \AV„ Wasbin^|fon, I) C 200()(; 

I'll'H'nialton on Ihe metric cysteni, free and inevpensive charts and ' 
publications, 

National (lureau of Standards, Office of Information Activities. I '.S. Department 
Commorce. Wa.shin|(ton, DC 20231 

^ reo and inexpensive metric chart.s and publications, also lends Hlins and - {^^ 
ilisplays, 

Socielv of Anlomolive Kn^jinc'TS. Two Pennsylvania Pla/a, New York. NV 

Information on the metric system, free and ine\pensive charts and 
pul)lications. 



